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j Wnt signalling is involved in n iiiiicto us events In an iriiaj develop* 
- rmtn\\ uicludiog \\\t proliferalion of *lcm <xUt* and the specifi- 



cation of the neural crest 3 . Wnt proteins arc potentially 
I important reagents in expanding specific cell types, but in 
! contrast to other developmental signalling molecules such a* 



hedgehog proteins and the bone niorpliogenetk proteins, Wnt 
proteins have never been isolated in an active form. Although 
Wnt proteins arc secreted from cells 4 "*, secretion Is usually 
inefficient 1 and previous attempts to characteriie Wnt proteins 
have been hampered by their high degree of insolubility. Here we 
have isolated at Live Wnt molecules* indnding the product of the 
mouse Wntfa gene. By mass spectrometry, we found the proteins 
to be palmitoyLatcd on a conserved cysteine. Enxymatic removal 
of the palmiute or site-directed and nutural mutations of the 
modified cysteine result in loss of activity, and indicate that the 
Upid is important for signalling. Hie purified Wnt3a prptein 
induces self-renewal of haematopoietic stem cells, signify big its 
potential use in tissue engineering. 

Wc expressed several Wnt gents, including Wnt3a (rcf. 9)> in a 
Variety ot" cell lines and generated antibodies to monitor Wnt 
protein secretion into the medium. For purification purposes, we 
selected clones of cells secreting the highest amounti nf protein 
(200 rig ml"' for Wnt3a from mouse I (I^MITK"]) cells). We 
tested the activity of Wnt3a by assaying its ability to stabilise 
cytosolic P-cstcnin, a known target and signal transduction com- 
ponent of Wnt signalling 1 * 1 . Moose L cells accumulate high levels of 
p-caienin protein after a 2*h incubation with Wnt3a-conditioned 
medium (Pig. lb, mp panel; see also ref; 1 1). 

Initial charactenzation of secreted Wnt3a indicated that it is 
hydrophobic (sec below), therefore we designed a purification 
protocol that starts with chromatography on blue (Cibacron blue j 
3GA) Scpharose in the presence of the detergent CHAPS. Under " 
these condiboiw, Wxitfu binds with high selectivity to the resin and 
can be clutcd in a relatively pure form by increasing ionic strength 
(Fig. la and Table 1). Approximately 60% of added WnOa is 
recovered in this step with nearly 2»50O-fbtd enrichment. We then 
separated Wnt-containing fractions by sue exclusion chromatog- 
raphy on a Supcrdcx 200 column, and finally by cation exchange on 
heparin (Table 1), These steps yielded fractions of WiU3a that were 
greater than 9$% pure as assessed by Coomassic staining (Fig. la), 
through size exclusion chromatography, wc determined that active 
Wnt3a is monomelic (not shown). 

We have applied successfully similar purification methods to 
a variety of other Wm proteins, including Vrosophiia Wnt8 
(Fig. la), mouse WntSa and Drosophila Wingless (not shown). 

Throughout the purification, we measured the ability of Wnt3a 
to s ta bilize 0 -calenin in L cells. The final purified product exhibited 
no loss in activity compared to the original starring material 
(Fig. lb)* The purified Wnt3a protein retains the range of activities 
expected fcr a Wnl protein. For example* we tested the effect of 
Wnr3a protein on Xenopus animal cap cxplants and found that two 
known target genes, smrnois and Xnr3 (refs 12, 13), are induced by 
Wnt3a (Fig. Ic), As a further assay for Wnt activity, we used CS7MG 
cells, a line derived from the mouse mammary gUnd that can be 
morphologically transformed by Wnt gene expression*. Purified 
Wnt3a promotes the morphological transformation of these cells 
(Fig. Id) siniikr to that of Wnt gene transfection. Furthermore, the 
protein can induce expression of known transcriptional Wnt targets 
including MSXi, cydin Dl and MYC in human teratocarcinomo 
cells (data not shown). 

All purification steps required the presence of detergent to 
maintain solubility and activity, suggesting that Wnt proteins arc 
hydrophobic. Wc used the two-phase separation property of the 
detcrgentTritonX-1 14 (ref- 14) to test this. Most WnrJa partitioned 
to the detergent phase (Fig, 2a), a behaviour characteristic of highly 
hydrophobic proteins such as integral membrane proteins. As the 
primary a mbio aci d sequence of secreted Wil t does not contain long 
stretches of hydrophobic residues, we used metabolic labelling to 
test whether Wnt is post-tr^ndationaOy modified by lipid attach- 
ment. W* found that the protein is labelled with tritiated palmitate 
(Fig. 2b). 

Evidence for the functional importance of the lipid modification 
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came from treatment of WnrSn with acyl-protein rhiocstcrwc-l 
(APT- 1), an ciizynic that removes palmitate from G proteins and 
other thioacyl protdn substrates'*. This treatment shifts WncSa to 
the water phase in the Triton XrlH phase separation experiment 
(Pig. 2c), suggesting that APT-1 removes a thiocster-linked lipid, 
such as palmitate. APT- 1 also blocks the ability of WiiWa to stabilise 

p-catenin (Fig. 2c). 

To map the lipid attachment site on the Writ polypeptide we 
subjected proteolytic peptide fragments of both Wnt3a aud Droso* 
phila WntS to liquid chromatography tandem mass spectrometry, 
which identifies molecular musses of the iouifeed peptides und 
obtains primary amino acid sequence information through col- 
lision-induced fragmentation. In both proteins we identified ions 
whose masses were consistent with the addition of 238 dallons (the 
mass of palmitate is 256 daltons accounting for the loss of water in 
the formation of a thio ester linkage) and which produced fragmen- 
tation data consistent with a peptide containing a conserved 
cysteine modified by palm i late (C77 in Wilt 3a and C51 in DfQSO* 
phila Wnt8; underlined in Fig. 2d), 'ITiis cysteine is absolutely 
conserved among ail Wm family members (bold in Pig. 2d)i it is 
the most amino- terminally conserved cysteine of the Wul family 
(http ^/www^tanford.edu/-riiusse/genealign8/manywntsJi tml) . 

lb test for the requirement of C77 in ceil culture, wc mutated it to 
alanine Id Wntfa and expressed the mutant protein (Wnt3a(C77A), 
Pig. 2c) in 293 and in L cells. The mutant Wntia protein was 
secreted at levels similar to that of the wild-type protein. This 
indicated that the mutation* unlike many other cysteine mutations 
in Wnt proteins 16 * does nut interfere with the folding of the protein. 
However, when the Wnc3*(C77A) protein was subjected to the 
THton X* 114 phase separation test, it partitioned in the water phase, 
indicating that it had lost its hydrophobic character (Pig, 2a). In a 
P-catcnia assay an LccDs, Wnt3a(C77A} was not active over a range 
of concentrations tested (Fig. 2c> left). In a trsrufection assay on 293 
cells however* there was a noticeable increase in the intracellular 
levels of 0-catenin, demonstrating that the Wnt3a(C77A) mutant 
retains some aeiiviLy when expressed at high levels in an autocrine 
manner (Fig. 2e> right). 

Notably* a natural loss-of-runcoon allele of the Cacmorhnhditk 
eiegans gene {t$l~2Q(N585)\ ref, 17) contains a serine repla- 
cing the cysteine corresponding to C77 (Fig. 2d). Moreover, in a 
survey of wittgkss [wg) alleles in Drosophila, we found that the wg s1t 
allele* contains a tyrosine instead of that same cysteine (Fig. 2d). 
Thus, our data are cnn*iatenr with the lipid modification being 
important for Wnt signalling activity. At tile moment, we cannot 
exclude the possibility lhaL Wnt proteins carry other modifications 
beyond palmitoyUtion and N-linked glycosylation; nor can we rule 
out that different forms of Wm proteins (that is, cdl-bound) are 
pal mi toy b ted at other sites. 

Next wc investigated whether Wnt3a can be used as a reagenL to 
control cell fate in a well-characterized stem cell system, through 
application of the isolated protein to purified haematopoietic stem 
cells (IlSCs) 1 *. Single HSCs responded well to the WntSa protein in 
die presence of limiting doses of steel factor (SLF). Over a period of 
7 days, the frequency of cells proliferating was 5.6«fbld greater 
compared with control conditions (Fig. 3a» b). Most of the Celts 
(82%) were undifferentiated, as they did not express marker* for 
differentiated lineages. Thirty per cent of the lineage-negative ecUs 
expressed c-Kil and Sca-1. consistent with an HSC phenol ype, 
whereas 64% were at the stage of myeloid progenitors (e-Kjt*, Sea- 
1 ~; Fig. 3c» d). In contrast, incubation of HSCs with unfracttonated 
Wnt3a~conditk>ncd medium, in which Wnt3a itself il present at a 
similar concentration, resulted in a significant fraction (86%) of the 
cells expressing markers specific for dHferrntiatcd lineages (Fig. 3c). 
Tip's suggests that conditioned medium contains factors not present 
in purified Wnt3a that promote differentiation, underscoring the 
importance of having purified Wnt prOteina available for the 
purpose of maintaining the self- renewing face of HSCa, 
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To determine whether the cells that proliferated in response 
to Wnt3a truly maintained HSC activity, we carried out a 
transplantation analysis. Single HSCs were plated in Terwkj 
plates and treated with Wnt3a or control medium for a period 
of 6 days. In previous experiments we showed that culturuig 
cella with SLF alone (onr control conditions) while inducing 
proliferation docs not induce self-renewal in vitro 19 . Each well 
containing cc |] fl tnat responded to Wnt3a from a ftfofcle cell 
was separately injected intu lethally irradiated mice and 
analysed after 6 Weeks of rcconstiturJon (Pig. 3e). If no self- 
renewal had occurred, only 10% of the mice would be 
expected to be reconstituted successfully (see Pig. 3 legend), 
in contrast 100% of the transplanted mice contained donor- 
derived cells {Fig. 30. suggesting that HSCs had undergone 
self-renewal in response to purified Wnt3a. 

We have established methods to purify significant quantities of 
pure and active Wnt proteins, whieh can be used for self-renewal of 
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Figure 2 Wnt crotchs are paftnflnyWed on en esscntOal cysteina. a. Trtan X 114 plaso 
s&paraifcn (wttffiern blot). Mast wlld-typa Wri3a separates to trie Triicn x-i 14 phase. 
iitficaUiiB Uat ii Ik hydrophobic. Ctfl the- Wr«3a£77A) mutenl (see d) pfiflitbns mostly to 
the water ohm. USA Uora scrum par&llora to the wjee* phase and serves an Internal 
control b. A) vhobbaiiing of Witta protsln with trttsted paintars. Wnt2a was pfjtW^ 
purtted from contfUona J madium of cells Lifted wISi (filiated pztaltate tors n, c, APT-t 
trfcforciiltf Wni3a (wBstin-n btoC Treatment cA WnOa wtfi Inaeodno omounis tf/FT-l 
shifts the Wnoa protein troni cto Trfloa X-1 1 a cnase (Oaia no! cTowg to trie wat* pi&se 
OnidUla panuQ and aocashes Its aca>3y in Oia 0-catenln saoGzation assay, d. Maaa 
apacuofnetnrmejjs de oabnnata modlPcation to a cysteine $x£Q in Wnrfij (C/?) anfl h 
rvospcrtSa ^TrtB (C51). Under (hed scQucncc corrosponds to tte peptide idemjaed in d» 



sowtre as being rnodMed- T^ie cysletae Is consaved In r!1 known Wnt proteins. A sfto- 
Q]f«XbQ muQni tW«il3a(C77A» was rnadd and used h a and a. The DteapttHa v^ 821 
(ret. 1 8) aieie Mas a mutation converdnQ the cysteine into a tyrosine and the <%!• 20&585) 
aflcla In C etogansha* a sartne Instead of tha cytiana". These ar? both loss-cl-ftmctton 
aJlelBS. e. The Wnt3fi(C77A) mutant pr own is sae/ated from 20G celts at favais sfrn3ar In 
wiW typa. but Is net acltffi to Increasing c^njnln In tgnjet L cells over a range of 
concemraitonj tested {western ttoQ. HovMvar. tao 293 cefis transfectBd wflh the 
WnOa^C77AJ expression consTuct show a nedest Increase In ^-catenfn, IndlcaOno Qtat 
ttlrjh levels ot one ovfnnt can acdvoto wm dgnalQng. Tho Wnt2a{C77A) and wild-typa 
bansfadBd Cells express equal lavsb of Wnt protein. 
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HSCs and potentially othej' stem cells. Vve found that Wnt proteins 
are unexpectedly hydrophobic and arc post-iranslationally modi- 
fied by palmitoylatiun, a properly that explains tho poor solubility 
of the proteins. It La mtcreiling lo note thai the protein products of 
the ProfQphiia porcupine and C departs rrtom-l genes 5 *" have 
homology with acyl transferases and may catalyse Wnt acytulion 77 . 
Moreover, die Porcupine protein can bind to a domain in Wingless 
encompassing the acyMion ailc". porcupine and mom-1 have 
phenotypes similar to Wnt aUdcs and are required in Wut-produ- 
cing cells, indicating llial the lipid is an integral part of signalling 
activity. However, ove regression of Wingless in the Drasophila 
embryo can overcome the absence of porcupine*, just as lli>»h 
expression of Wnt3a(C77A) can lead to a modest increase in 
3-catenin (Fig. 2d). This suggests that the lipid functions to increase 
the local concentration of Wnt on membranes, and that its absence 
can be overcome by high levels of expression. Although palmiloyl- 
alion of secreted proteins seems unusual, there is an intriguing 
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Rgure 3 HSCb maintain seff-ncrtcwdng fate with reduced dnarenliaiign in response to 
purtfled Wnt3a. Purified mouse bone mar r ow {B\Q HSCs {C-Kft\ Sea 1 4 f Tby-1 .1", I In - ) 
from 6d2 transgenic mira'" worn sorted by FACS and plm^d ss single ecus Into 6Q-w*0 
Tsr&eaM plates. Cells wcro incubated In X-vfvot 5 (Bto VfliHt^^ conudnfng elirtf purffied 
WnlSa teboui 100 rtQ mr 1 } plus Brnninfl amounts of Stf <7^ng rrt" 1 ) or SLf 
(7.R ftg ml' 1 ) alone, os a control, a. Cell growth was mo^ad f*nr 7 daw In culture, and 
ulaiw.1 ^ the frequency « rcsaeniing eels. b ( Total cefi growth. Coils responded to 
Wntaa by proBfeiiafing > 1 00-foid (from 1 celt to at (oa$t 1 00 celts and Oieiotai number cl 
celte genera too was sixfold yreater In trie presence or V/nt3a than control conditions. 
Hearts ere represenletwe of fair independent experiments, a To determine phenolize 
chftftctwitfes. cuiie were plated In Q& well ptatua end Incuoaieo in ir» presence of 
oumled or cnpuiiGBd WrrQa. Alter 1 days in culture, nws\ qeib& treated with ptirtrtad 
Wntf a (an oil ng nil -1 ) were negafiw for lineage mariners (tftd tmfi) whereas most 
touted « iih unpuritfed WnEJa (200 ng mr 1 fat the medium; Taoto 1 ) strongy upreguWad 
lineage rnarkers (dothd One), d, FACS analysis ol pwffisd WhSa-treated ceils. Trie 



inaage-nagalbe population to distributed ftp c-Kh 4 end Sca-i 4 " HSC3 end C-Ktr* and 
Sca-1 " myeloid progenitors, a. Purltal mouse BM HSCs ware plated singly hto GO-wufl 
TerasaH pises and treated with Wnfca for 6 days, then all cells generated tram the stogie 
cell ware trertjptemed indMdually hto temaUy irradiated mice along with 300.1XX) 
rescuing BM eels. f. Periptieral wood (P8) trom each transplanted mouse was ena^wd 
arte C wia*a kx ruranslltulicn along botft lymphoid (0 an 37) and myeloid (M) Dne&geS. 
On tnc cash or the rcconsiitucon uindoncy of single eansplanled HSCs, 1 or 10 110%) 
resting and probsbV I of SO <2%] cycling HSCs reconstitute. A 5C% reconstftrnoo 
rata svoowis at least ft fiwefcti and pfCbaWy a 1 &-25-fotd expansion h HSCS per 
transplant. Mold exuaiisun is prouaniy an undarasdnato as HSCs tram^ianUd in low 
num&ers lead to low and variable reconstfUjEbn. B tit our rinding mot Wnt3a-tr cased HSCs 
on transptardaScn load to an Rvemge nttimrarism a) 20% (ranga 1 2-27%} In the comae 
of o contoefilha reconatiUitJon suggasts a g/coicr man tlvciolcJ tap&nsiai of functional 
BSCs. 



parallel between Wnt and hedgehog signalling, as the hedgehog 
protein is also palmitoyiated*. □ 

Methods 

Purification ol ttmoa 

Mcuae L «Ht fAmcrfcan Type Culture Collection (AltX) CRL-2S4«) were cidniftd fa 
UM6M mnliiuoi 10% fetal bovine scram (FBSl «nd antibbatia. Theie oHU w«c ftaMf 
C«j>fcv1«l «ilh a vecror contain ^ 0>r WnlJa rompl-mmtiry DK* urwkr the conrml of 
itte PGK pnroote^ And CHIB-itiittant doac* wtrt xekcred and tcmoed for produtfiao of 
WntU prmdu t^TCC CML-2W7). DnwDpfrilo SI Mill used to produce the yw^iilb 
WnrB |»iOfciih whkh w« ciprciicd Uam b bm-shuck p/mzjotrr**. TWn litre* of OJ-pjn 
fibmd ftWrJmm !h>m L-WnOi edb, cAndJtlotted fcr 4 u*jr*> »r» adjusred 10 1* Triton X- 
lCa fihticd end applied to blue (Cibecoil Wuc) Seplurasc HP (Amcrchtii) eiO^kootO 
col Win ii (Ud Toiumc or t 2d oil), which wee prevtout?? equillbrtied In b|ftdln| buffer 
( ISO mU Ka tomM IVii^Ha I W CHAPS. pH VA). The eotumrt w» then wshed with 
four cotume volumee of Nrtdiry bufscx Bound protein* w«r( <lutrd trith a single trep to 
I-5M KO, 20 mM Tra-HO. 19* CJJAfS. pH 7.5. WftlJn eluled in two pcrf* <»<h of Which 
fAAUiied airnilir amounti of Wot» pnwriii; however, the secQAd pool COHbuned 
ctsDttKintlr Icjs mtid phwdn ihan the firs! < tfi.fi mg iota! prolrin in the firit p^gt end 
2.16 mi In ihe«<ohd pool). Fraction! from ihli Kwud pool woe combined, eoncrntrasnl 
\0 1 2 5 ml un i Centricon utoaftairton 4«vkr {Arakon). and fr*o!©n*« d on a HdLoad 
UftO Superdex 200 cohint^ (Aircrdmra Bioaricnas) in phnipbttr buSered ok (PBS). 
1% CHAPS, pH 73. FracUont com ton big WntJ» wn then rnartonatfd on a I -ml HiTrep 
J leperi* column (Amrrahaxn BiosdeocraJ In o dnjlt mp tlutkm bom PDS. i%CHAP5io 
PBS. 1H CMAkS. I M M»u. N-lf rmiraJ aequeoce of 1 ^ pteined Wrrtia wa> obrUncd by 



&urcmu[ed Edman dccmibtion on a Prvd* *M AlU ttqutmrur. Uulaicd Wirt3a Ufjro 
with residue IV of the predicted BJnjnp add sequence (SYPIWWSLAVGPQV5), indicating 

(h*t the p no rein Uuroreoryrr^dly piocoaed to remove T he aignni ««^u«ncr. Fue o dciafltd 
protncsJ. see hltp^/www.itim&nJ.alu/^nuste/wrn^induwJurnL 

Triton X-114 phase separation 

W|n>i^oodlrton«d medhim vn Dibwd 1 i\ with ice cold 4."!% Wto* X- 1 H. 3 50 mM 
NiCl. ID mM Trh-HCl, pH 75> incubated an Lc* Tuf 5 rhir\ then rt Jl "C far 5 oiin, and 
ocntrifuged at 2jOOOj it 31 "C far Sir. in. The top. equeom phnst wn urpa rated from the 
bottom "nhon Upheaeand equal wlume»we« immuoohlotrcd wrtrh thrand-WetSa 
antibody, 

In vtooEAtelBrjQ of Wnt3a with palm i tats 

I ana UWnO* «1U t»tr< colnjrcd *o 10-«n platet for 7 d*y» r*A<t n 1^10) qdJt. 
(9,101 n)-3H] paltni)tCoOd(Anierjham Olo«eien<ca) Was added to the tocditto el a 
concent rati oo of 0.1 mG ml -1 and incubated far Sh at J7~C The medium wsifitlered, 
CUAVS was added to a oo nee nfra nor of t end then re filtered. The Individual medium 
wu fractionated on 1 -ml H(Tr*p blue Sepbafuae cokoina (Ammhtm aJotckncca) «» 
dr«ct ibed abure. The Wr»l3a-conlaininj fractions or anafaepu* fractions Were 
precrp hated with trichkuracrltc and and aruljrsed by ^d-ckctrophaf esu and 
auToradlogrcphy, 

Liquid chJiBi u t uym phy tandem ma$a epacbDmatry 

fOrtfted WntJa and Bnntrplnt* WpIS were precipitated with tnchloroicelic nciu, re- 
suspended, sUcytued and reduced as described 1 '. The sample w&s split into three aliquot*, 
digested Brptnteh; wlrh trypsin, subriluln and etastur. and the rottklrrj pcpltdx m Soviet 
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f *<!re rewmbincd .ml analysed by adikli'lTM bribed 11 with mo dictions b> 
dvacribed" on * tirtittgap LCQ-Decu. tandem m*st apectra wi< <*e»c*rt igninrt a 
database of predkrad »pr» reading frame* m whiuh common «miamh»rM» such us 
j keratin and Trypsin were added- &C*«r> rtWlfl Were Stored and (HkUpcd uxing the 
J DTASelecr projjrojn'* B nd idciirtfirmUm* amfirmcd ihraugh mtfluui evaluation of 
j tpecirn. Vk data were jiibseqnnjlly searched with a dlflcrmiwl modaiicition on <ymehtt 
tf}39 to identity tU» of wJmitnvlaiMn. A l»o ob*rVed tti« peptide tn lu 
unpalmltoylaTtd fin/in, and at pitient vw cannot dlalin^iah "whether the lipid » labile and 
Vos* during thr ma rupulur km of lb* rtmplr or wfeerVr iter* it a pool of unmodified 
WnlJe, present in tWprtparttion. We found the fbllovin a masses |(M + H) 4- |: Wntio 
peptide Ufturtdined: li7e.il 4piedi«t:«L I3?4a6S}; WritH peptide modified: UihAQ 
<ptolicled, lMS.465){l>*>wpnilnWBt8 prpride unmodified; )58J.17 tpredtcred, 
ISoldd?)- li/ovphittt Wntfl peptide modWe* 1764.23 (piedkied, 17*4.667), Although 
the tindtm mats ^irfvmr.ry wiBljnris ofWnt3a and D/^phlla WtrtB identified *$% 
WW of tar primary amino acid »«juencti. r«pecrlvch/ f v*e did not obuto ev|d»ft« far 
addiiMikhl np id wodincnttoni on other residue* (S, T, Y. K. H). 

Acyt-prouln tNoasteraae tr^ptmsnr of Wntta 

A rotnl «f I Way WnOa was treated In ||» presence of 1 Utf BSA with 1 . 10, 1 00 or 1,000 ng 
A*T-t ( vrwided by A. Gilmnn) |„ boffcr < PBS, 1% CI J W NaCU in a total volume 
eF io m1 »m1 incubated uverninln at 30 The reaction prutlm* vek analysed in rpc p> 
cvtcnia stabiluarLin on L tdls end in the Trlmn X-l M phase separirlnu aatqy, 

HSC Isolation and sways 

HSCa were sorted from raotwt bone marrow pf Hd3 uwiagcnk mice using antibodiM M 
deacribed". Ulls ^tre aurted on expression of t-Kil, 5ea-t, low levels o/tnH.i and low 
j iu u^MrVc kwds of lineage maiW* I Lin) uainj donrcyte K>tt**tc uud the single ccD 
1 depau'tinn unir (HcCtOn Sickinaon). See Suppltmtnury ttiformation. 

-! deceived I? IttU-iferr; acccprcd 2u March 20QJ; 4Oi^0.10J8AialureO16l I. 
!| PiiUiihed osllnr 17 April 2003. 
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Deficiency of the adaptor SLP-65 In 
pre-B-cell acute lymphoblastic 
leukaemia 

Hi»;ra Jams**, Udcas t^^Btir t, KvlraPurix^jil' ti Bflttliw Storch*ts 
Michael Lotr\ AtoanArm flmnmhi^, Uartta rkhrappet, VIBf PctlDa^r 
Pukka macinotilL Jukka Pfllkawm^ Cluriolte IL NtonMytr . 
AHtcbfiel Reth- 

* ttiftlpgie HI, Vniverfit/Qfihmbifrg and kiuxPiizvd Institute for hnrjilinptiQloWL 

D-TJ1G& Frtiburg, Germany 

X Pediatric Hematology and Ontology, Children's riotptod. Medical School «/ 
HtWkey. j3-3A62S HrtNOver, Gerttwuy 

♦> Department of Gfurica/ Miwniii^taf^ Urnvcnity ©/ Ifntiftlp. PO B«c i G* 7 . ^rtrf 
Deptirtmcn t of Clinical Microbiology* Kuopio t7itivcrnty Hospital, PO Bex 1777, 
1 : IN*702U Kmpia. tfnW 

U Depart went of Pediatrics, Kitopio Univtrfity Hospital, PO Hoc J 777, PW-7021 S 

1 Division of Pediatric Hematology and Oncology, Department of Pediatrics and 
Aeolcscan Medicine, Prcibvrg ihtrvmity Hospital, t> 79106 Pnibivg, Germany 
1 7/ie*se oKfftora coniribnitd equally to fAu werJt 

Acute lymphoblHstic ietzkaesnia (ALL) is die commonest form of 
childhood amligiiOJicy, and most CAMfl arise from B-eell clones 
arrested at the pre-B-cell stage of differentiation 1 ' 2 . The molecu- 
lar event? that p crest pre-b-ceD diffc rendition in the lcukarmic 
pic-B cells have nut been Well diutaclcrizcd. Here we ahoW that 
the differentiation regulator ?»LP-65 (an adaptor protein also 
called BLNK or BASH^) inhibits prt-B-cdl leuJuemla In mice. 
Reconstitution of SLP-C3 expression in a SU-63 W " prc-R-ccl! 
line led to enhanced diiTcrcnliation in vitro and prevented the 
development of pre-B>ceJQ leukaemia In hnntune'deticient mice, 
tyrosine 96 of SLP-65 was required 45or this activity. The murine 
SLP-65 W " pre-B-cell leukaemia resembles human childhood 
pre-B ALL. Indeed, 16 of the 34 childhood pie-B ALL samples { 
that were tested showed a complete loss or drastic reduction of • 
SLP-65 expression. This loss is probably due to the incorporation j 
of alternative exorvt into SLP-65 transcripts, leading to premature = 

NATUJUl I VOL 4*3 j 22 aiAY Z0O3 1 wwauuntfcxoaif mtore 
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